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ABSTRACT 
The translocation of organisms is becoming a frequently used tool in 
conservation biology. There are, however, a disproportionate number of unsuccessful 
attempts translocating populations of herpetofauna. Logistical and temporal limits of 
monitoring, combined with ambiguous metrics concerning “success,” have led to few 
advances regarding reptile translocations. Successfully established and persistent 
populations are those in which both the founding population and subsequent generations 
show consistent or positive levels of survival and reproduction. A small population of the 
threatened Florida Sand Skink (Plestiodon reynoldsi) was translocated in 2007. Data 
collected from 2007 to 2009 confirmed survival and reproduction among the founding 
individuals, but the sampling did not include a long enough period to allow for the 
evaluation of the survival and reproduction of individuals born on the site. In this study, 
individuals were collected during two separate sampling events, one during the third 
spring and one during the sixth spring after the translocation occurred. Survival 
estimates, reproduction, population size and generation structure were calculated by 
combining and analyzing data from all years post-translocation. The numbers of both 
total and new individuals captured in the sixth year exceeded captures from every prior 
sampling event since monitoring began in 2008. Founding individuals represented only 
14% of the total individuals captured, while the number of individuals born on site 
continued to increase. The proportion of recruits and increased number of hatchlings 
despite the loss of founders shows that the filial generations are producing offspring.  
The methods utilized in assessing this translocation effort will further the understanding 
! v!
of the population dynamics of the Florida Sand Skink and allow for more informed 
decisions in future management studies of this threatened species. 
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INTRODUCTION 
The Florida Sand Skink (Plestiodon [formerly Neoseps] reynoldsi) is a fossorial scincid 
lizard precinctive to the central ridges of peninsular Florida (Figure 1). Its’ morphology reflects 
its burrowing lifestyle: a sleek, vermiform body with truncated anterior and posterior limbs, 
reduced digits, a recessed lower jaw, and a vertically compressed snout (Telford, 1959). The 
limbs can be folded into lateral grooves on the sides of the body as it “swims” through the 
substrate in its habitat (Meyers and Telford, 1965). The Florida Sand Skink (FSS) preys on a 
variety of  arthropods both in the matrix of the soil and at the surface (Telford, 1959; McCoy et 
al., 2010), including beetle larvae and termites (Cooper, 1953; Telford, 1959; Meyers and 
Telford 1965). It attains a total length between 100 and 130mm (Sutton et al., 1999), with an 
average SVL between 45 and 57 mm (Telford 1959 ; Sutton, 1996). Sexual maturity is attained 
at a snout-vent length between 49 and 52 mm for males and 50 to 53 mm for females, which 
can corresponds to an age for both sexes between 19 and 23 months (Ashton, 2005), although 
some individuals have been observed attaining reproductive sizes within 9 to 12 months of 
hatching (Telford, 1959; McCoy et al. 2010a). Breeding occurs between March and May, with 
the majority of females producing a fixed clutch of two gray-white eggs at an interval of 
approximately 60 days after copulation. Eggs hatch between August and October into 
hatchlings with a mean SVL of around 24-28mm (Telford, 1959; Ashton, 2005). Generation time 
has been estimated as approximately four years (McCoy et al. 2010), and maximum lifespan 
estimates have ranged from three (Telford 1959) to ten years (Meneken et al. 2005). The 
undulatory movement of the Florida Sand Skink, coupled with its tendency to exploit only the 
superficial layers of the stratum, produces easily recognizable sinusoidal tracks in the overlying 
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sand (Figure 2) (Andrews, 1994; Sutton et al., 1999). The Florida Sand Skink occupies scrub 
and sandhill habitat on and around the Mt. Dora and Lake Wales ridges of Florida (Figure 3), 
where it was originally thought to primarily inhabit open areas with well-drained sandy soil 
(Campbell and Christman, 1982). The xeric communities of scrub and sandhill found here have 
been severely reduced since the 1940s; estimates of habitat reduction exceed 60% from 
historical levels (Peroni and Abrahmson 1985, Christman 1988, Weekly et al. 2008). The Lake 
Wales Ridge in particular has undergone major losses of these habitats, with estimates of xeric 
habitat loss on the ridge exceeding 75% (Turner et al. 2006, Weekley et al. 2008). This 
reduction of the Lake Wales Ridge xeric habitat is of major significance, as >90% of all known 
occurrence records for the Florida Sand Skink occur on the ridge (Turner et al. 2006). This 
dramatic loss of habitat led to many organisms, including the Florida Sand Skink, to be listed 
officially as threatened in November of 1987 by the United States Fish and Wildlife Service 
under the provisions of the Endangered Species Act of 1973 (USFWS 1998). Further 
investigation into the habitat requirements of the species showed large populations living in 
isolated areas of various scrub ecotypes that were continuously overlooked as sub-optimal 
environment for FSS populations (McCoy et al., 1999). The lack of consensus regarding habitat 
requirements, the natural fragmentation of these xeric communities, the cryptic nature of the 
organism, and the anthropogenic reduction of the sand skinks preferred habitat assigns 
particular urgency to conservation efforts. Since being listed, multiple studies have been 
initiated to determine the specific habitat requirements and population dynamics of the FSS, for 
the purpose of constructing and implementing conservation efforts to de-list the species. With 
these considerations in mind, in accordance with habitat level recovery actions of the Multi-
Species Recovery Plan for South Florida (USFWS 1998), and IUCN translocation guidelines 
(IUCN 1987), a translocation effort involving the FSS was implemented beginning in 2007. 
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Figure 1. Adult Florida Sand Skink (Plestiodon reynoldsi) photographed following capture and release at the recipient 
site. Photo credit-Adam Emerick 
 
!
Figure 2. Surface track left by a Florida Sand Skink at the recipient site. Photo credit-Adam Emerick  
 
Between April and June of 2007, 510 FSS were collected from a donor site of natural 
scrub habitat in Davenport, Florida. Individuals were given unique ventral markings by sub-
dermal injection of a colored elastomer (Figure 4a) (Penney et al., 2001) in patterns that would 
confirm individual identity upon recapture. The recipient and study site is a 6.07 ha area on 
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private land with no known FSS population, approximately 24km from the donor site (Figure 3). 
The site is an open field surrounded by mesic pine flatwoods, with sparse vegetation and loose 
sandy soil. Aluminum flashing was partially buried to create three separate 2000 square meter 
areas, which were then subdivided using the same flashing into five 400 square meter areas for 
a total of fifteen smaller enclosures (Figure 5). The flashing was buried at a depth of 
approximately 30 cm. to prevent the movement of individuals between and out of the 
enclosures. The original study was also interested in the effect of physical habitat structure as it 
related to survival and capture of the FSS, so each of the enclosures in an area received one of 
five specific treatments (McCoy et al. 2014). For capture of the FSS, drift fence trap arrays 
(Figure 6) were installed at a density of 16 arrays per treatment area, for a total of 240 arrays. 
Each array consisted of 2 m of aluminum flashing buried at 10-15 cm that served as a drift 
fence, with two 3.8 L. buckets countersunk approximately 5 cm below the surface of the soil on 
each end of the flashing (Sutton et al., 1999). Three buckets were also placed on every wall 
along the internal periphery of each enclosure, for an additional 12 buckets. The first 300 FSS 
captures from the donor site were divided among the 15 enclosures on the recipient site, with 
enclosures receiving between 19 and 21 individuals. All but one of these enclosures received an 
unequal ratio of males to females, with some receiving 5 or fewer females. The remaining 210 
captured individuals were released outside of the enclosures (Osman, 2010). Trapping at the 
recipient site was conducted during the spring of 2008 and 2009. Trapping occurred for 
approximately 11 weeks between early March and the end of May to take advantage of the 
increased movement of FSS during their reproductive period (Telford, 1959; Ashton and Telford, 
2006). Unmarked individuals caught during each year were given unique elastomer marks 
(Figure 4a) (Penney et al., 2001) before being returned to their respective enclosures. 
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Figure 3. Location of the donor (blue triangle) and recipient/study  (red star) sites.  The grey area represents 
the Lake Wales Ridge 
!
Figure 4. Marking techniques used for captured Florida Sand Skinks. (A) Ventral view of a Florida Sand 
Skink marked with UV reactive elastomer for identification upon recapture (from Mushinsky et al. 2011). (B) 
Florida Sand Skink captured during the study showing the enamel paint markings applied behind the rear 
limbs. (Photo credit –Adam Emerick) 
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Figure 5. Aerial view of the recipient site. Yellow lines represent the aluminum flashing buried to restrict 
movement of individuals Image from Google © 2015. 
!
Figure 6.  Enclosure on the recipient site showing aluminum flashing and drift fence/bucket trap arrays. The 
inset diagram shows the arrangement of trap arrays in each enclosure. (Photo credit-Adam Emerick; inset 
from Mushinsky et al. 2011). 
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In general a translocation involves the movement of a living organism from one location 
to another. This includes introductions of organisms outside of their known natural ranges, re-
introductions of extirpated organisms in historic ranges, and the augmentation of existing 
populations that have experienced excessive reduction from natural stochastic or anthropogenic 
events (IUCN 1987). Translocation has been used in conservation efforts across many 
vertebrate taxa, primarily involving bird and mammal species. Translocations involving 
herpetofauna are uncommon in relation to other taxa, and many published efforts are 
inconclusive regarding the efficacy of the effort and the prognosis for the target organism(s). 
Reviews of translocations success involving herpetofauna have resulted in estimates of success 
rates between 19% (Dodd and Seigel, 1991) and 41% (Germano and Bishop 2008). The limited 
success regarding these efforts are beleaguered by many factors, including the lack of 
extensive life history data and the general habitat characteristics which maintain or improve 
fitness for the population(s) in question. Adding to these complications are the logistic and 
temporal restrictions imposed on researchers by the level of commitment, availability of funding, 
and economic and political entities involved. The latter two are often inextricably connected, and 
agencies involved are typically uninformed on the feasibility of producing significant results with 
the aforementioned limitations present. What has resulted is a potentially powerful tool of 
conservation biologists often being reduced to semantics regarding definition rather than 
establishing metrics to indicate a successful translocation effort.  
The success of translocated populations are typically quantified by the ability of the 
founding members to persist in their introduced environment and reproduce, but monitoring 
does not often follow future generations’ survival and reproductive output (Burke, 1991). This is 
an unfortunate consequence of the aforementioned limitations on monitoring periods. Monitoring 
during the first two years after the translocation indicated that the founding population of Florida 
Sand Skinks at the recipient site were exhibiting high survival and producing offspring (McCoy 
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et al. 2014). Providing evidence of reproduction attributed to the filial generation was not 
possible, as not enough time had passed for a significant number of filial individuals to reach 
sexual maturity. Survival rates and reproduction of a translocated cohort over short time periods 
are vital to the establishment of a successful population, yet may only indicate the suitability of a 
site regarding the basic abiotic/biotic requirements of mature organisms, such as availability of 
food and physical structure of the habitat (Griffith et al. 1989). To provide a more informed 
assessment on the developing population and therefore the translocation effort itself, monitoring 
should occur over a period dependent on the life expectancy and generation time of the 
organism in question (Dodd and Seigel 1991; Menges 2008). This research was conducted in 
the sixth year post translocation, a time period that exceeds the generation time of the FSS 
(McCoy et al. 2010). These subsequent generations likely experience high juvenile mortality, 
and must acquire and allocate resources for growth, gamete production, and sustainment during 
overwintering periods. If survival and reproduction can be maintained or improved for these 
cohorts under these natural pressures, then the efficacy of the translocation effort could be 
better evaluated. The translocation effort can therefore be considered currently successful if 
three criteria are met: (1) survival estimates for the entire population are consistent with or have 
increased from the previous estimates, (2) there is evidence of consistent reproduction despite 
an obvious reduction of founding individuals, and (3) the estimates of population size indicate a 
stable or increasing population size with respect to previous years’ estimates or the original 
number of individuals translocated. 
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METHODS 
Sampling on the recipient site occurred for 8 weeks in both the spring and summer, 
utilizing the drift fence trap arrays that were installed in the enclosures in 2007. All arrays were 
cleared in early spring of excessive vegetative overgrowth and components were replaced 
where necessary to facilitate safety and efficiency when checking the bucket traps. Shade cloth 
structures installed in three enclosures during the initial study were disassembled and removed. 
All arrays on the inside of the enclosures were opened, totaling 76 buckets inside each 
enclosure and 1,140 buckets over the entire study area.  
To avoid trap death caused by desiccation or rainfall, buckets were filled with 
approximately 5 cm. of sand for thermal refugia while in the traps, and the bottoms of the 
buckets were perforated several times to allow drainage from rainfall that could potentially 
accumulate in the buckets and drown captured animals. Lids were supported approximately 3 to 
4 cm. above the level of the substrate to provide shade to captured individuals. When opened 
and after processing a captured individual, water was added to the substrate to prevent 
desiccation or overheating of captured animals that fell into traps between visits to the site. 
Traps were checked every two to three days during the last two weeks of March through the first 
two weeks in May of 2013, and the last week in August 2013 until the end of September 2013. 
Frequency of site visits and trapping periods were modified to account for inclement weather 
that could be harmful to trapped animals. Buckets on the trap arrays were checked by carefully 
and thoroughly sifting the substrate in the bucket by hand. Captured individuals were placed in 
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plastic containers filled with 5-8 cm of superficially moistened substrate; containers were labeled 
with the date and a two number ID corresponding to the enclosure (Figure 6).  
Captured individuals were transported to the University of South Florida, where they 
were weighed with a MXX-212 digital scale to the nearest tenth of a gram, measured for snout 
vent length and total length with Mitutoyo CD-6 digital calipers to the nearest tenth of a mm, 
sexed by attempting to evert the hemipenes under a loupe or dissecting microscope, and 
checked for any elastomer marks applied in previous years. Individuals captured that did not 
have elastomer marking received a temporary mark with a xylene-free enamel paint pen 
(Greenville and Dickman, 2008). These external markings were placed in the area behind the 
rear appendages (Figure 4b). This location was chosen because the FSS fold their legs over 
this area when burrowing, reducing the exposure of the marks to friction. While in the laboratory, 
individuals were provided with 5-8 cm of superficially moistened sand and kept under a 75-watt 
heat lamp on a timer that was on for one hour every other hour during a 12-hour period. 
Individuals were returned to the site during the next sampling event, and released closest to the 
array where they were captured. Care was taken to either release animals in the morning when 
surface temperatures were relatively low, or to circumvent the heated soil by digging several 
inches down to a cooler substrate and placing the animal there before covering it with sand.  
Encounter histories (1/0) were constructed by combining the spring 2013 capture data 
with the data from the 2007 release, the 2008 and 2009 spring capture events (McCoy et al. 
2014), and the data from spring of 2010 (Mushinsky, unpublished data.) Individuals placed in 
the enclosures at the beginning of the translocation effort in 2007 were referred to as “founders”. 
Unmarked individuals captured during the 2008, 2009, 2010, and 2013 sampling periods were 
considered a mix of individuals born post-translocation on site throughout the study period and 
were all considered “recruits”.  Encounter histories for the recruits only included data from 2008 
onward, as these individuals did not enter the population until summer of 2007.  
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Encounter histories were analyzed with Program MARK, which was used to derive 
estimates of survival and population size using various models. Multiple models were run to 
allow variation of the parameters particular to each model, and to acquire multiple estimates for 
the parameters and compare the values. Cormack Jolly –Seber models were used to estimate 
survival estimates (Φ) and capture probabilities (p) for the entire captured population, for 
founders only, and for recruits born on site only. Previous results indicate that there was no 
significant difference in survival detected among the three main areas (referred to as “blocks” in 
Osman et al. 2010; McCoy et al. 2014) or between the different treatments applied to the 
enclosures that were investigated in the first two years of the study. Therefore, these models 
either restricted survival and capture to be constant (.), or time-dependent (t), which resulted in 
four candidate models for each of the three CJS analyses. Estimates derived from the constant 
parameters are considered “overall” estimates, while estimates that are based on the time –
dependent parameters are referred to as “between-year” estimates. The most general 
(parameterized) model from the set of candidate models (Φt pt) was then subjected to bootstrap 
goodness-of –fit testing, which calculates the mean variance inflation factor (!) from the 
observed deviances of 100 simulations using the capture data. The observed !!value was then 
divided by the average !!from the bootstrap simulation to derive a measure of fit for the general 
model. A !!value of 1 indicates perfect fit of the deviances between the expected and observed 
data. Values of ! ≤ 3!represent an acceptable fit of the general model to the data (Lebreton et 
al. 1992), while values of ! > 3 indicate lack of fit to the data, either from over-dispersion or 
violations of the assumptions particular to the model.  The general model from this set was also 
tested with Program RELEASE, the standardized goodness-of-fit test for the CJS models 
available in MARK. The degree of violation of the assumptions of the CJS model is revealed by 
the lack of fit between what Program RELEASE calculates as expected frequencies and the 
actual data. Significant p-values from these tests will indicate that the general models do not 
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adequately fit the data. Once the fit of the general model was assessed, the remaining 
candidate models were then evaluated by their AICc (Aikake’s Information Criterion) value. 
Program MARK automatically orders these models based on the AICc values, with the models 
displaying the smallest AICc considered to be the most parsimonious among the set of 
candidate models give the data (White and Burnham 1999). These models were tested against 
the general model using the Likelihood Ratio (LR) test in Program MARK. Models could only be 
compared to the general model using this test if the parameters of the model selected for LR 
testing were a subset of the parameters within the general model. If LR testing did not result in 
significant differences between the null and candidate models, the former were selected to 
represent survival overall and between years for each of the three analyses.  
For an additional estimate of survival and an estimate of population size, a robust model 
was also run based on the sampling history of the site. This model was selected because of the 
two levels of sampling that it incorporates, allowing for more control in precise estimation of the 
parameters. These models are also insulated against some of the effect of heterogeneity in 
capture among individuals, and data from the site shows significant disparity in recaptures 
among both founding individuals and recruits (1-5 recaptures). The spring release event in 2007 
and the sampling events in 2008 through 2010 and 2013 were treated as primary sampling 
periods while actual days sampled inside of these seasons were considered as secondary 
periods. Survival (S) was allowed to vary between constant (.) and time dependent, while the 
parameters for capture (p) and recapture(c) were set as either constant and independent of one 
another (!.!.), or either constant or time-dependent but equal to one another  (!. = !.)!or (!! = !!) . Full combination of these parameters resulted in six candidate models, which were 
run using the pooled capture data across all years of the study, with no additional grouping or 
covariates. The parameters regarding availability for capture, referred to in the models as 
gamma prime (!′) and gamma double prime (!"), were set to values of 1 and 0, respectively, in 
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all of the candidate models of the robust design. These parameter values were based on the 
assumption that individuals on site were restricted from emigration by the enclosures for the 
entire study period (White and Burnham 1999). Robust models were selected to represent the 
estimates of survival and population size based on the lowest AICc values among all of the 
candidate models. Additional population estimates from the robust model were compared to the 
number of individuals initially transplanted and captured across years, as well as the number of 
individuals available for capture based on the overall capture probability estimated from the 
Cormack Jolly Seber model for the entire six-year dataset.  
The estimates for survival derived from these models were compared to those estimates 
found in the previous study. Estimates of survival from natural Florida Sand Skink populations 
are not currently available, so estimates were also compared against available survival data on 
37 lizard populations involving 29 species that were compiled from a current literature review.  
Reproduction between years was quantified by separating the number of  “new” recruits 
captured per year from those recruits that were most likely born the previous summer. 
Individuals were considered “new” when they were first detected in the population without 
necessarily knowing when they were born. Individuals “new” in 2008 represent the first recruits 
on site, but size data on these individuals is unavailable, so creating a range of probable 
juvenile sizes to determine which individuals are most likely from the previous summer hatching 
season using this method is not possible. Hatchlings captured during the summer of 2013 will 
be used to quantify the most recent efforts of reproduction. Number of hatchlings/juveniles per 
year will be compared to both the number of female founders captured per year and the number 
of female recruits captured per year. 
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RESULTS 
CAPTURES 
Trapping for 54 days in the spring of 2013 resulted in 223 total Florida Sand Skink 
captures among all enclosures. Of these, 143 individuals were identified, either with elastomer 
marks from previous studies or unmarked individuals that had never been captured previously 
but were marked in the current study. The number of total captures and individuals identified 
exceeded every previous year (Figure 7). Thirty-eight (26.2%) of these were previously captured 
individuals, 20 (52.6%) of which were from the founding population translocated in 2007, and 18 
(47.3 %) were filial individuals captured and marked during the spring trapping seasons in 2008 
through 2010. The remaining 105 individuals (73.8%) were individuals that were born on site 
post-translocation but had not previously been marked. These individuals were of SVLs ranging 
between 36.06 and 65.16 mm, indicating that they are a mix of individuals that could have 
hatched over the entire post-translocation period. Overall, the sample of individuals captured 
consisted of 123 (86%) recruits and 20 (14 %) founders. Trapping efforts in spring also varied 
significantly across years, with times that traps were open and checked ranging from 47 to 78 
days and resulting total trap hours differing by as much as 40%. Trapping in summer of 2013 
resulted in 75 total captures, with 56 individuals identified. Fifty-one (91%) of these individuals 
were identified as recruits and only 5 (9%) were identified as founders. Trapping was ended 
early in summer because of frequent and heavy rains that left traps frequently inundated and 
threatened to drown captured individuals. 
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Figure 7. Number and identity of captured individuals by study year on the recipient site. Founders are recaptured 
individuals released on site in 2007, recruits represents the combined number of recaptured individuals first marked 
between 2008-2010 and “new” individuals captured that year. (*)McCoy et al. 2014(^) Unpublished data Mushinsky 
2010. 
 
SURVIVAL 
 The general CJS model  (Φt pt) for survival for all individuals captured showed adequate 
fit to the data from both the estimated !!(1.41) and program RELEASE (p=0.2150). The models Φ.!! and Φ!!. were identified as the most parsimonious models from the AICc values (Table 1), 
and likelihood ratio testing between these models and the general model (p= 0.46 and p= 0.18 
respectively) showed no significant differences. Overall survival for the entire population from 
model Φ.!!!was 69.1% (95% CI=62.5-74.9), and between year survival from model Φ!!. was 
45.4% (95% CI= 33.3-58.1) to 95.1% (95% CI=28.9-99.9). The estimate of capture probability 
from the Φ!!. model was 41% (95% CI= 34.5-48.2). Remaining between year estimates for the 
entire captured population from this model are shown in Table 2. The Robust models selected 
to represent overall survival and between year survival for all captured individuals (Table 3) 
were !.!! = !! and !!!! = ! , respectively. The overall survival estimate was 70% (95% CI=66-
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73.6) and estimates of survival between years ranged from 62% (95% CI=51.4-70.9) to 77% 
(95% CI=66.6-85.2).  Overall and between-year survival estimates for these models are shown 
in Table 4. The general CJS model (Φt pt) for survival using only data on founding individuals 
showed adequate fit to the data from the estimated !!(1.61) and program RELEASE (p=.176). 
The models Φ.!! and Φ!!. were identified as the most parsimonious models from the AICc 
values (Table 5), and likelihood ratio testing (p= 0.72 and p= 0.18 respectively) showed no 
significant differences between these models and the general model. Overall founder survival 
estimated from model Φ.!! was 69.2% (95% CI= 61.9-75.7), while between year survival from 
model Φ!!. was 41.8% in 2010 (95% CI=29.2-55.7) to 96% in 2009 (95% CI= 11.4-99.9). 
Remaining between year estimates for founding individuals from this model are shown in Table 
6.The general CJS model (Φt pt) for survival among recruits only could not be assessed by 
either test, with the estimated !!value < 1 (. 92) indicating under-dispersion of the data (White 
and Burnham 1999) and program RELEASE unable to return a value due to insufficient data. 
The model Φ!!. was identified as the most parsimonious model from the AICc values (Table 7), 
although likelihood ratio tests could not be used to compare this model with the general model. 
Survival estimates from this model ranged between 20% (95% CI=14.5-59.4) to 64% (95% 
CI=52.6-74). For an overall estimate of survival among the filial individuals, model Φ.pt was 
used, although a AICc value of >6 (Table 7) and a LR test returning a p-value=0.0128 indicated 
significant differences between this model and the more parsimonious general and between 
year survival models. The survival estimate from this model was 57% (95% CI=47.5-67.0%). 
Overall and between-year estimates for filial individuals from these models are shown in Table 
8. The overall survival of the entire population occurred at the median of the calculated values 
from the first two years of capture (Table 9) (McCoy et al. 2014). The estimates of survival for 
the overall captured population also occupied one of the highest values from the compiled data 
on survival for lizard species (Table 9, Figure 8). Current survival estimates from this population 
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were only exceeded by two lizard species, of which only one was a scincid lizard. Overall 
survival of recruits was lower than that of the founders, but recruits were first detected at varying 
sizes throughout the study, so survival values derived from these captures were for individuals 
at varying life stages. Juvenile and sub-adult individuals have lower survival than adults, and the 
varying age classes present in the capture histories would drive down estimates of survival for 
the entire population.  Comparison among the between-year survival values show the same 
trend among the entire population and founders (Figure 9), with recruits following a similar trend 
beginning in 2008. Between-year survival for the entire captured population and founders 
between 2010 and 2013 estimated by the CJS models increased significantly from the lowest 
estimates between 2009 and 2010. Lower estimates from both overall and between year 
survival for founders and recruits in 2010 likely reflected both the low number of marked recruits 
available for recapture in the population, and the decreased sampling time for that year. 
Table 1. Program MARK output for the Cormack-Jolly-Seber candidate models using data for all individuals captured 
over the entire study period. General model is denoted by ^, models chosen to represent overall and between year 
estimates of survival for the entire population are labeled with * and **, respectively. 
Model AICc Delta AICc AICc Weights Model Likelihood # of Parameters Deviance 
{phi(.)p(t)}* 1126.647 0 0.60433 1 5 30.8337 
{phi(t)p(.)}** 1128.5948 1.9478 0.2282 0.3776 5 32.7815 
{phi(t)p(t)}⌃ 1129.2139 2.5669 0.16745 0.2771 7 29.3055 
{phi(.)p(.)} 1147.031 20.384 0.00002 0 2 57.3049 
 
Table 2. Survival and capture estimates for the entire study period (overall) and between-year survival estimates from 
the Cormack-Jolly-Seber models using data for all individuals captured over the entire study period. 
Year Label Estimate SE LCI UCI 
Survival Phi* 0.69 0.032 0.63 0.75 
Capture p** 0.41 0.04 0.35 0.48 
2007-2008 Phi** 0.62 0.051 0.52 0.72 
2008-2009 Phi** 0.95 0.091 0.29 1 
2009-2010 Phi** 0.45 0.064 0.33 0.58 
2010-2013 Phi** 0.9 0.048 0.76 0.96 
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Table 3. Program MARK output for the robust candidate models using data for all individuals captured over the entire 
study period. General model is denoted by ^, models chosen to represent overall and between year estimates of 
survival for the entire population are labeled with * and **, respectively. 
Model AICc Delta AICc AICc Weights 
Model 
Likelihood 
Number of 
Parameters  Deviance 
{S(.)p(t)=c(t)(No Move)}* 841.37 0 0.82165 1 120 1743.377 
{S(t)p(t)=c(t)(No Move)}** 844.43 3.06 0.17835 0.2171 123 1738.3349 
{S(.)p(t)c(t)(No Move)} 1041.55 200.18 0 0 226 1612.1141 
{S(t)p(t)c(t)(No Move)}^ 1050.24 208.87 0 0 229 1609.8433 
{S(t)p(.)c(.)(No Move)} 1151.2 309.83 0 0 17 2296.9031 
{S(.)p(.)c(.)(No Move)} 1152.9 311.53 0 0 15 2302.7585 
{S(.)p(.)=c(.)(No Move)} 1157.8 316.43 0 0 11 2315.9098 
 
Table 4. Survival estimates for the entire study period (overall) and between-years from the robust models using data 
for all individuals captured over the entire study period. 
Year Label Estimate SE LCI UCI 
Overall S 0.7 0.019 0.66 0.736 
2007-2008 S 0.62 0.05 0.514 0.709 
2008-2009 S 0.73 0.074 0.567 0.853 
2009-2010 S 0.65 0.108 0.424 0.827 
2010-2013 S 0.77 0.048 0.666 0.852 
 
Table 5. Program MARK output for the Cormack-Jolly-Seber candidate models using data for only founding 
individuals captured over the entire study period. General model is denoted by ^, models chosen to represent overall 
and between year estimates of survival for the entire population are labeled with * and **, respectively. 
Model AICc Delta AICc AICc Weights 
Model 
Likelihood Num. Par Deviance 
{phi(.)p(t)}* 997.0158 0 0.7012 1 5 13.9126 
{phi(t)p(.)}** 999.8003 2.7845 0.17426 0.2485 5 16.6971 
{phi(t)p(t)}^ 1000.4784 3.4626 0.12415 0.1771 7 13.2643 
{phi(.)p(.)} 1011.9904 14.9746 0.00039 0.0006 2 34.9888 
 
Table 6.  Survival and capture estimates for the entire study period (overall) and between-years from the Cormack-
Jolly-Seber models using data for only founding individuals captured over the entire study period 
Year Label Estimate SE LCI UCI 
Overall Phi* 0.69 0.035 0.619 0.757 
2007-2008 Phi** 0.63 0.055 0.521 0.732 
2008-2009 Phi** 0.96 0.099 0.114 1 
2009-2010 Phi** 0.42 0.069 0.292 0.557 
2010-2013 Phi** 0.89 0.064 0.692 0.968 
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Table 7. Program MARK output for the Cormack-Jolly-Seber candidate models using data for recruits captured from 
2008 until 2013. General model is denoted by ^, models chosen to represent overall and between year estimates of 
survival for the entire population are labeled with * and **, respectively. 
Model AICc Delta AICc AICc Weights 
Model 
Likelihood Num. Par Deviance 
{phi(t)p(.)}** 95.9704 0 0.51219 1 4 0.6829 
{phi(t)p(t)} 98.2599 2.2895 0.16303 0.3183 5 0.6829 
{phi.(.)p(t)}* 102.1709 6.2005 0.02307 0.045 4 6.8833 
{phi.(.)p(.)} 103.6829 7.7125 0.01083 0.0211 2 12.7887 
 
Table 8. Survival estimates for 2008-2013 (overall) and between-years from the Cormack-Jolly-Seber models using 
data for only recruits captured from 2008 until 2013. 
Year Label Estimate SE LCI UCI 
Overall Phi* 0.58 0.05 0.476 0.67 
2008-2009 Phi** 0.33 0.122 0.146 0.594 
2009-2010 Phi** 0.2 0.089 0.077 0.428 
2010-2013 Phi** 0.64 0.055 0.526 0.74 
 
!
Figure 8. Currently published survival values from lizard species. Non-scincid species are represented by hollow 
diamonds, scincid species other than Plestiodon reynoldsi are represented by filled diamonds. Plestiodon reynoldsi  
survival estimates are represented by a filled square (McCoy et al. 2014) and a filled circle (current study). 
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Figure 9. Between-year survival estimates for the Plestidon reynoldsi population over the entire translocation period. 
All estimates are from the most parsimonious models that allowed survival to be time dependent (!ℎ!!/!!!). Estimates 
and AICc values for selected models can be found in tables 1-8.    
 
REPRODUCTION 
 In the spring 2010 trapping season, 36 new individuals were detected among all 
enclosures (Mushinsky, unpublished data). Sizes of these individuals ranged from 42 to 66.9 
mm SVL. In the 2013 spring trapping season, 108 new individuals were detected among all 
enclosures, with sizes ranging from 36.09 to 65.06 mm SVL. Recruits captured in summer of 
2013 ranged in size from 31.15 to 63.89 mm SVL. The size distribution of individuals from the 
summer 2013 captures showed a significant gap of approximately 10mm (Figure 10), so 
individuals at or below an SVL of 37.95 mm will be considered hatchlings. While all 15 new 
individuals captured in 2008 can be thought of as hatchlings in summer 2007, all new 
individuals captured in 2009 and 2010 were > 42 mm SVL, making confident assessment of 
their age difficult. The number of founding females captured across all enclosures in 2008 was 
34 individuals, and dropped to 5 individuals in 2013. Captured recruits among all enclosures 
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identified as females increased from 7 in 2008 to 45 in 2013, with only 5 of the female recruits 
captured in 2013 identified from previous years (Figure 11). The number of founders and 
recruits in 2013 displayed an inverse generational structure relative to 2008 (Figure 7). Recruits 
born on the site had reached sizes in excess of 53.86 mm SVL in as few as 17 months from 
time of hatching, which is above reported values for size at sexual maturity for both males and 
females (Telford 1959; Ashton 2005). These individuals can be considered as part of the 
breeding population as early as the summer of 2010. Offspring produced by these individuals 
would be first detected in 2011, but sampling did not resume until spring of 2013. 
!
Figure 10. Size distributions for individuals captured on the recipient site.   
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Figure 11. Enumerated female founders and female recruits captured on the recipient site. Hatchlings in 2008 are 
new individuals that appeared the first spring after translocation in 2007. Hatchlings in 2013 are those individuals < 
37.95 mm SVL captured during the summer trapping season. (*)McCoy et al. 2014(^) Unpublished data Mushinsky 
2010. 
 
POPULATION SIZE 
 The Robust models formerly chosen to represent overall and between year 
survival estimates (!.!! = !! and !!!! = !!), were also selected for estimates of population size. 
The estimates of population size from these models for spring of 2013 were 232 individuals 
(95% CI 203-276) and 240 individuals (95% CI 208-290), respectively. Using the number of 
individuals captured and the capture probability from the selected CJS model for overall survival 
(0.41), the number of individuals available for capture was estimated at 348. Remaining 
estimates from the robust models and those based on capture probabilities for all years, 
including the initial number of individuals translocated in 2007 can be found in Figure 12. Only 
80 founders were detected after one year post-translocation to the recipient site, even though 
sampling effort was greatest (approximately 89,000 trap days) during that year, with another 55 
individuals that were known to be alive remaining undetected despite the extensive sampling 
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effort in 2008. With sampling effort in spring of 2013 (approximately 61,500 trap days) 
significantly lower than in 2008, it is assumed that the much higher number of individuals 
captured represents an increasing number of individuals available for capture. 
!
Figure 12. Population estimates for the recipient site in spring of 2013. Available for capture represents inferred 
number of individuals present per year based on individual captures and an overall capture probability from the 
Cormack-Jolly-Seber model found in Table 2. 
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DISCUSSION 
 Six years after the translocation of Florida Sand Skinks onto the Reedy Creek recipient 
site, the reproductive output and survival of the generation(s) produced on site are contributing 
to a positive trend in population growth, and the criteria established to represent a successful 
translocation effort have all been met. The number of total captures and recruits captured 
greatly exceed any previous sampling event. Overall survival remained consistent for the entire 
captured population and founders, with survival estimates falling within the range of estimates 
calculated from the first two years of captures on the site. Survival estimates for this population 
of Florida Sand Skinks represent the only values for a fossorial lizard among the current 
published data, and exceed nearly every other literature value for lizards. This study is unique in 
that it combines meticulous marking techniques with a survey period that allowed for population 
development involving several generations of animals to be produced. The number of recruits 
detected in the population increased every year of sampling. Founding individuals decreased 
steadily, while recruits increased until 2010 when the number of founders and recruits alive 
were approximately equal. This trend continued, and the recent sampling revealed a population 
composed primarily of mature individuals born on the site. With founding females consistently 
decreasing over all years of the study, and recruits identified as females increasing significantly 
between 2010 and 2013, the majority of individuals identified as most recently hatched in 2013 
can be considered offspring of the filial generation. The remaining individuals identified as “new” 
in 2013 cannot be confidently assigned either age or generation because of the sampling hiatus, 
lack of size data on hatchling to sub-adult transitions, and the rapid growth to maturity apparent 
for this population. While some of these individuals may be offspring of the remaining founders, 
and remained undetected for several years after entering the population, the significant increase 
in captures and “new” individuals in light of the changes in the proportion of founders to recruits 
suggests that the majority of current reproductive output can be attributed to the recruits born on 
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site. Estimates of population sizes from the robust models also show a positive trend in the size 
of the population and those available for capture.  
 The period of time included in this study has allowed for an extended evaluation of the 
translocated FSS population, one that will inform on the development of the generations subject 
to higher mortality and more demanding allocation requirements. Sustained or increasing 
populations should be the ultimate goal of any translocation effort, but criteria for success 
should not be generalized. Basing these criteria on the existing life history data for the species 
in question will allow for the most logical assessment within the period allotted for study. This 
methodology, however, can come with the caveat that maximum lifespan, sexual maturity, and 
generation time of a species will most likely require assessment periods beyond the logistic 
capacities of those involved. Researchers and others involved should therefore not assign 
overconfidence to limited assessments, and the continued collection of relevant data is central 
to any translocation study. Translocated populations can afford unique opportunities to collect 
data on the biology and ecology of managed species that could feed directly into the 
improvement of both their general ecological knowledge and future conservation.  
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Table 9. Published survival values for lizards. Estimates represent overall adult survival; some estimates (^) are 
median values from multiple yearly estimates. Species names denoted by * are members of Scincidae, study species 
is indicated by **. Value from McCoy et al. 2014 is for the study population between 2008 and 2009, and is the 
median value from multiple CJS models. Values from the current study are overall estimates from CJS models. 
Species  Survival  Source 
Crotophytus wislizeni 0.05 Shine & Charnov 1992 
Cnemidophorus uniparens 0.08 Shine & Charnov 1992 
Cyclura carinata 0.09 Shine & Charnov 1992 
Sceloporus undulatus (Texas) 0.11 Shine & Charnov 1992 
Uta stansburiana 0.12 Shine & Charnov 1992 
Ctenotus pantherinus* 0.13 James 1991 
Sceloporus undulatus (Arizona) 0.13 Shine & Charnov 1992 
Cnemidophorus sexlineatus 0.16 Shine & Charnov 1992 
Lacerta vivipera 0.2 Shine & Charnov 1992 
Takydromus takydromoides 0.24 Shine & Charnov 1992 
Ctenotus leonhardii* 0.25 James 1991 
Ctenotus pianka* 0.25 James 1991 
Sceloporus undulatus (Kansas) 0.27 Shine & Charnov 1992 
Urosaurus ornatus 0.3 Shine & Charnov 1992 
Sceloporus scalaris 0.3 Shine & Charnov 1992 
Ctenotus helenae* 0.32 James 1991 
Ctenotus quattuordecimlineatus* 0.32 James 1991 
Basciliscus basciliscus 0.33 Shine & Charnov 1992 
Sceloporus undulatus (New Mexico) 0.34 Shine & Charnov 1992 
Sceloporus jarrovi 0.36 Shine & Charnov 1992 
Sceloporus undulatus (Colorado) 0.37 Shine & Charnov 1992 
Sceloporus poinsetti 0.43 Shine & Charnov 1992 
Sceloporus undulatus (Ohio) 0.44 Shine & Charnov 1992 
Sceloporus virgatus 0.47 Shine & Charnov 1992 
Sceloporus graciosus (Utah) 0.47 Shine & Charnov 1992 
Cnemidophorus tigris 0.48 Shine & Charnov 1992 
Crotaphytus collaris 0.48 Shine & Charnov 1992 
Sceloporus undulatus (Utah) 0.48 Shine & Charnov 1992 
Sceloporus undulatus (South Carolina) 0.49 Shine & Charnov 1992 
Oligosoma grande* 0.5^ Tocher 2006 
Oligosoma otagense* 0.54^ Tocher 2007 
Plestiodon reynoldsi** (Recruits) 0.58 Current Study 
Oligosoma maccanni* 0.61^ Lettink et al. 2010 
Eumeces okade (males)* 0.63 Hasegawa 1990 
Phrynosoma douglasi 0.67 Shine & Charnov 1992 
Plestiodon reynoldsi** (Entire population) 0.69 Current Study 
Plestiodon reynoldsi** (Founders) 0.7 Current Study 
Plestiodon reynoldsii** (Entire population) 0.7^ McCoy et al. 2014 
Xantusia vigilis 0.71 Shine & Charnov 1992 
Eumeces okade (females)* 0.75 Hasegawa 1991 
 
! 27!
 
 
REFERENCES 
Andrews, R. M. 1994. Activity and thermal biology of the sand-swimming skink Neoseps 
reynoldsi: diel and seasonal patterns. Copeia 1994:91-99 
Ashton, K.G. 2005. Life History of a Fossorial Lizard, Neoseps reynoldsi. Journal of 
Herpetology. 39: 389-395. 
Ashton, K.G., and Telford, S.R. 2006. Monthly and Daily Activity of a Fossorial Lizard, Neoseps 
reynoldsi. Southeastern Naturalist. 5: 175-183. 
Burke, R.L. 1991. Relocations, Repatriations, and Translocations of Amphibians and Reptiles: 
Taking a Broader View. Herpetologica. 47: 350-357. 
Campbell, H. W., and S. P. Christman.1982. The Herpetological Components of Florida Sandhill 
and Sand Pine Scrub Associations. Pages 163- 171 in N. J. Scott, Jr., editor. 
Herpetological communities. Wildlife Research Report 13. U.S. Fish and Wildlife 
Service, Washington, D.C. 
 
Christman, S.P 1988 Endemism in Florida’s interior sand pine scrub. Florida game and 
Freshwater Fish Commission. Nongame Wildlife Program. Final Report, Tallahassee, 
FL. 
 
Christman, S. P. 1992. Threatened Sand Skink, Neoseps reynoldsi (Stejneger).Pages135-140 
in P.E. Moler, editor. Rare and Endangered Biota of Florida. University Press of Florida, 
Gainesville. 
 
Coope r, B.W. 1953. Notes on the Life History of the Lizard, Neoseps reynoldsi Stejneger. 
Quarterly Journal of the Florida Academy of Sciences. 16: 235-238. 
Cox, J. 1992. A crosstabulation of land cover types by conservation lands in Florida. Florida 
Field Naturalist. 20: 72-75. 
Dodd, C.K., Seigel, R.A. 1991. Relocations, Repatriations, and Translocations of Amphibians 
and Reptiles: Are They Conservation Strategies That Work? Herpetologica. 47: 336-350. 
Germano, J.M., and Bishop, P.J. 2007. Suitability of Amphibians and Reptiles for 
Transloaction. Conservation Biology. 23: 7-15. 
Greenville, A.C., and Dickman, C.R. 2009. Factors affecting Habitat Selection in a Specialist 
Fossorial Skink. Biological Journal of the Linnean Society. 97: 531-544 
Griffith, B., Scott, J.M, Carpenter, J.W., and Reed, C. 1989. Translocation as a Species 
Conservation Tool: Status and Strategy. Science. 245: 477-480. 
Hasegawa, M. 1990. Demography of an Island Population of the Lizard, Eumeces okadae, on 
Miyake-Jima, Izu Islands. Researches on Population Ecology. 32:119-133. 
! 28!
IUCN (World Conservation Union). (1987). IUCN position statement on translocation of living 
organisms: introductions, reintroductions, and restocking. IUCN, Gland Switzerland.   
James, C.D. 1991. Population Dynamics, Demography, and Life History of Sympatric Scincid 
Lizards (Ctenotus) in Central Australia. Herpetologica. 47:194-210 
Kautz, R.S. 1993. Trends in Florida Wildlife Habitat 1936-1987. Florida Scientist. 56: 7-24. 
Lebreton, J., Burnham, K.P., Clovert, J., and Anderson, D.R. 1992. Modeling Survival and 
 Testing Biological Hypotheses Using Marked Animals: A Unified Approach with Case  
 Studies. Ecological Monographs. 62:67-118. 
Marieke Lettink, M., Norbury, G., Cree, A., Seddon, P.A., Duncan, R.P., and Schwarz, C.J. 
 2010. Removal of Introduced Predators, but not Artificial Refuge Supplementation, 
 Increases Skink Survival in Coastal Duneland. Biological Conservation. 143:172-177. 
 
McCoy, E.D., Sutton, P.E., and Mushinsky, H.R. 1999. The Role of Guesswork in Conserving 
the Threatened Sand Skink. Conservation Biology. 13: 190-194. 
 
McCoy, E.D., Ihasz, N., Britt, E.J., and Mushinsky, H.R. 2010a. Is the Florida Sand Skink 
(Plestiodon reynoldsi) a Dietary Specialist? Herpetologica. 66: 432-442. 
 
McCoy, E.D., Richmond, J.Q., Mushinsky, H.R., Britt, E.J., and Godley, J.S. 2010b. Long 
Generation Time Delays the Genetic Response to Habitat Fragmentation in the 
Threatened Florida Sand Skink. Journal of Herpetology. 44(4):641-644. 
McCoy, E.D., Osman, N., Hauch, B. amd Mushinsky H.R. 2013. Successful Translocation Of 
 The Threatened Florida Sand Skink: Initial Survival And Reproduction. In Press 
Meneken, B.M.,  Knipps, A.C.S., Layne, J.N., and Ashton, K.G. 2005. Neoseps reynoldsi. 
Longevity. Herpetological Review. 37:164-165. 
Menges, E.S. 2008. Restoration Demography and Genetics of Plants: When is a Translocation 
Successful? Australian Journal of Botany. 56: 187-196. 
Meyers, C.W., and Telford S.R. 1965. Food of Neoseps,The Florida Sand Skink. Quarterly 
Journal of the Florida Academy of Sciences. 28: 190-194. 
Mushinsky, H.R., McCoy, E.D., Catenazzi, A>, Britt, E., and Schrey, A. 2011. Research to 
Benefit the Conservation of the Florida Sand Skink Final Report. University of South 
Florida and CardnoEntrix 
Osman, N.P. 2010. Experimental Translocation of the Florida Sand Skink (Plestiodon 
[=Neoseps] reynoldsi): Success of a Restricted Species Across Diverse Microhabitats. 
Unpublished Master’s Thesis, University of South Florida. Tampa, Florida 
 
Penney, K.M., Gianopulos, K.D., McCoy, E.D., and Mushinsky, H.R. 2001. The Visible 
Elastomer Marking Technique in Use for Small Reptiles. Herpetological Review. 
32:236-240. 
 
Peroni, P.A., and Abrahmson, W.G. 1985. Succession In Florida USA Sandridge Vegetation: 
 A Retrospective Study. Florida scientist. 49:176 -191. 
! 29!
Pike, D.A., Peterman, K.S., and Exum, J.H. 2007. Use of Altered Habitats by the Endemic Sand 
Skink (Plestiodon reynoldsii Stejneger). Southeastern Naturalist. 6: 715-726. 
 
Shine, R., and Charnov, E.L.1992. Patterns of Survival Growth, and Maturation in Lizards and 
Snakes. The American Naturalist. 139:1257-1269 
 
Sutton, P. E. 1996. A mark and recapture study of the Florida sand skink Neoseps reynoldsi and 
a comparison of sand skink sampling methods. Master’s Thesis, University of South 
Florida. Tampa, Florida. 
Sutton, P.E., Mushinsky, H.R., and McCoy, E.D. 1999. Comparing the Use of Pitfall Drift Fences 
and Cover Boards for Sampling the Threatened Sand Skink (Neoseps reynoldsii). 
Herpetological Review. 30:149-151. 
Telford, S.R. 1959. A Study of the Sand Skink, Neoseps reynoldsi Stejneger. Copeia. 2: 110-
119. 
Tocher, M.D. 2006. Survival of Grand and Otago Skinks Following Predator Control. Journal of 
Wildlife Management. 70:31-42. 
United States Fish and Wildlife Service (USFWS). 1998. Multi-species recovery plan for the 
threatened and endangered species of South Florida. U.S. Fish and Wildlife Service, 
Atlanta, Georgia. 
White, G.C. and K. P. Burnham. 1999. Program MARK: Survival estimation from populations of 
marked animals. Bird Study 46 Supplement, 120-138. !!
